Background: Traumatic and degenerative lesions in the cartilage are one of the most difficult and frustrating types of injuries for orthopedic surgeons and patients. Future developments in medical science, regenerative medicine, and materials science may allow the repair of human body parts using 3D bioprinting techniques and serve as a basis for new therapies for tissue and organ regeneration. One future possibility is the treatment of joint cartilage defects with in vivo 3D printing from biological/biocompatible materials to produce a suitable cell attachment and proliferation environment in the damaged site and employ the natural recovery potential of the body. This study focuses on the perspectives of orthopedic surgeons regarding the key factors/determinants and perceived clinical value of a new therapeutic option.
Introduction Background
The cartilage is a specialized connective tissue that does not contain nerves, blood, or lymphatic vessels and is formed by the differentiation of mesenchymal cells. It is flexible and composed mainly of extracellular matrix that contains chondrocytes. Defects on the articular cartilage do not heal spontaneously and tend to develop into osteoarthritis, which in turn alters the articular function and can cause disability and progressive loss of quality of life [1] . The exact incidence of symptomatic lesions of cartilage in the general population is unknown. In some large epidemiological studies, cartilage lesions have been observed in 5%-11% of diagnostic arthroscopies in predominantly young adults with joint pain [2] . However, injuries are often focal chondropathies, resulting in matching injuries on the opposing surface such as in meniscus or ligament injuries to the knee. They are also related to misalignments of the axis articulating load. Two types of techniques are used for the treatment of symptomatic lesions of cartilage: the reconstructive techniques have been in use since the 1950s and the regenerative techniques are newly introduced in tissue engineering [3] . Current surgical procedures [4] such as microfracture surgery, mosaicplasty, and allografting have limited efficacy [5] , and none of them are significantly more successful than the others [6] . More innovative surgical treatments from the past few years, including autologous chondrocyte implantation and matrix-induced autologous chondrocyte implantation [7] , which require a previous surgery to obtain the cells, have markedly improved the outcomes of chondral defect treatments [8] but often, the resulting repairing tissue is of low performance, and surgery only delays the onset of degeneration and osteoarthritis [8] .
The development of regenerative medicine and tissue engineering-oriented techniques may contribute to the knowledge of the field of joint injuries. This, in turn, could lead to better articular disease treatment techniques and resolve the clinical problem of healing critical size articular osteochondral defects [9] .
The key elements of tissue engineering are tissue-forming cells, structural scaffolds, and signaling molecules, the combination and application of which result in a functional tissue construct to promote tissue healing and regeneration [10] . Tissue engineering strategies typically aim to homogenously distribute biological factors such as cells and growth factors throughout a biomaterial matrix [11] .
Autologous chondrocytes could be an obvious choice for regeneration of articular cartilage injuries. However, traditional treatments based on chondrocytes have identified several drawbacks of such chondrocytes: (1) they have a low rate of proliferation; (2) although it is easy to isolate them, the number of obtainable cartilage cells is limited; and (3) there are implications for morbidity of the donor site. Consequently, the use of other cell types for different tissue engineering applications such as stem cells [12] (embryonic, mesenchymal, cord blood stem cells, obtained from adult tissue, or induced pluripotent stem cells [13] ) are the future for treatment.
Regenerative medicine [14] and tissue engineering [15] are current approaches aimed to solve these problems. These new possibilities could drive the paradigm shift from symptomatic treatment [16] in the 20th century to healing treatment of the 21st century [17, 18] .
Bioprinting [19] , defined as a real-time disposition of structural biomaterials and live cells to create tissues and organs that imitate the characteristics of the injured tissue/organ, is moving forward very quickly, but because the process of obtaining tissues by using this technique depends on many factors, several technological needs must be met beforehand.
In an animal study, Di Bella and collaborators [20] used a 3D printer of a hand in situ. 3D printing, an innovative bioprinting technology, allowed the surgeon to use tissue engineering techniques at the time and place of need, using the hand-held printer Biopen. This instrument, with separate cartridges for each biomaterial, allows the surgeon to set the different layers right on the cartilage. Furthermore, it does not require a computed tomography scan, as the surgeon can use the Biopen directly where it is needed [21] . No studies in humans have been published, but according to the authors, it will not take long for the results to be obtained. As researchers develop bioprinted grafts, the knowledge of clinician priorities will facilitate their refinement and implementation. Implementation research [22] seeks to resolve a wide range of issues found in the process of clinical application. The goal is to understand how and why the researchers' new suggestions are understood in the clinical sphere and find the best approaches to develop them [23] . In previous research [24] focusing on orthopedic surgeons, the information aspect was highlighted. Therefore, this study will focus on the information received, with the aim of understanding the surgeons' process of decision-making and to identify their expectations regarding the ideal bioprinted cartilage graft.
Aim
This study aims to understand how orthopedic surgeons make clinical decisions and to assess their knowledge and opinion on this topic as well as their needs concerning the bioprinted cartilage graft.
Two main goals were set: (1) to obtain a better understanding of the orthopedic surgeons' decision-making process, and, by using this knowledge, to understand which factors would drive surgeons to use the graft on the treatment of cartilage lesions and (2) to identify surgeons' expectations regarding the use of grafts and the key factors to be addressed for surgeons to consider implantation of such grafts on a patient. Hence, the overall purpose was to define the ideal scenario and characteristics of the graft for successful implantation.
Methods

Contextualization of Research and Ethical Approval
This survey and its questions were defined in the context of both a previous qualitative study [24] about the barriers and facilitators in the clinical use of bioprinted cartilage, which had derived conclusions from semistructured interviews and focus groups with orthopedic surgeons, and a literature review. Both these approaches helped identify the most pressing issues, on which this survey was focused.
Approval was obtained from the Committee of University Research from a University of Vic -University Central of Catalonia (registration number 28/2017).
Participants of the study were informed that the survey was anonymous and notified about the average completion time, and all information mentioned in the survey was credited to its source. The results were stored on a university-owned website, with private access for the authors.
Survey Design
Before the final version of the survey was sent, a trial version was sent to 17 orthopedic surgeons to ensure that both the subject and the instructions were understood and to measure the average time for completion. After the results were obtained, some changes were introduced in the survey: questions that asked to rate agreement were scored on 10 possible scores instead of 5 possible scores, adding more options; the writing of the questions and answers was edited; and more specific questions were added.
The final questionnaire, with 25 self-managed questions, allowed identification of the decision-making patterns of orthopedic surgeons. The constituent elements of the questionnaire are configured in five domains: (1) demographic questions, (2) information and knowledge of 3D printing, (3) knowledge about the graft's qualities, (4) knowledge about the expectations for this new technology, and (5) scientific evidence and clinical trials.
Sample Population
The Col·legi de Metges de Barcelona (the Medical Association of Barcelona) has 1081 currently active orthopedic surgeons registered, including 906 men (83.8%) and 175 women (16.2%). Of the members, a total of 849 also belong to the Catalan Society of Orthopedic and Traumatology Surgery (SCCOT), which is a nonmandatory affiliation. An email was written to all SCCOT surgeons, asking them to participate in the study, with a survey link. Of these, 72 emails were returned to the sender (the email address was wrong), and 777 orthopedic surgeons received the email.
In Spain, orthopedic surgeons can develop their work in the public and private sector at the same time. The specialization in sports orthopedics is not separately regulated. Because the survey was anonymous, we could not determine how many of the respondents were from the academic field.
The survey was voluntary, had no incentives, consisted of only one page, and allowed for review of the answers before sending.
Answers could be easily obtained and homogenized, as they were in the same order, level, and presentation within all instances, which reduced the error margin and facilitated data retrieval.
The response rate was 11% (86/777). The average time to completion was 15.43 minutes. The survey was kept active until a sufficient number of answers were collected.
The calculation of the size of the finite sample was obtained using the Murray and Larry [25] formula. Configured with a margin of error of 10%, a confidence level of 95%, and a population of 777, the resulting sample size was 85.57 people.
Statistical Analysis
IBM SPSS Statistics software for Windows, version 21.0 (IBM Corp, Armonk, New York), was used to analyze the answers of the survey. The Kolmogorov-Smirnov test was used to evaluate the homogeneity of the data. A descriptive analysis with the distribution of frequencies, averages, and SDs was conducted. A comparative analysis was conducted using the Kruskal-Wallis test, Mann-Whitney U test, and Chi-squared distribution. The results have been presented following the Checklist for Reporting Results of Internet E-Surveys [26] .
Results
The results have been categorized into two blocks: the information that affects the decision-making process of orthopedic surgeons and the qualities that a graft should ideally have, to be implanted in patients.
Demographic Data
Participants were first asked about their gender, age, experience, and type of hospital where they practiced surgery (Table 1) .
Hospitals in Spain can be classified as low, medium, or high complexity depending on the type of technology they use and the type of medical assistance they offer. Research and teaching are conducted at medium-and high-complexity hospitals.
Information Linked to the Decision-Making Process of Surgeons
The main aspect of implementation research is evaluating and determining the level of information specialists need to acquire in order to implement the new technology. To obtain a better understanding of the information orthopedic surgeons depend upon to make decisions, answers have been classified by type and origin of the information, relevance, level of acceptance of new technologies, and how the technology is related to age, place, and years of experience.
Information Received
Participants were asked if they had received any type of information related to new medical applications and 3D printing ( Table 2) .
Almost 70% of the surveyed participants reported that they have received information related to new medical applications and 3D printing via any medium. They considered themselves updated in the medical applications of new technologies as per their own perception. 
Information Relevance
From the previous question, the relevance of the information was analyzed. Relevance was determined by the effect information had in making surgeons feel more and better informed.
To evaluate the relevance, the source of information was analyzed. We analyzed whether those who had received information (by any medium; n=60) considered themselves better informed than the rest and whether those who had received information from specialized companies (n=20) had more knowledge than those who had not received any such information (Table 3) .
Crossing the two variables from the previous Table 3 showed that participants who received information by any means considered themselves more knowledgeable (P=.001) than those who had not received any kind of information. Of the former, those who had received information from companies who are developing these technologies perceived their knowledge to be higher than that of the rest (P=.006). In addition, participants informed by specialized companies showed higher self-perceived knowledge (mean 6.95, SD 1.76) than those who received information via other sources (mean 6.27, SD 1.99).
Regarding the bioprinted cartilage graft specifically, participants who received information on the medical application of 3D printing (n=60) and considered themselves informed (mean 6.27, SD 1.99) were asked how specific and from which source the information they had received on bioprinted cartilage was ( Table 4 ).
Of the 60 participants who received general information on 3D printing, only 27 (45%) knew about bioprinted cartilage, and the information had been acquired from their colleagues (18%) or the scientific literature (27%). 
Level of Acceptance of New Technologies
To determine if there was a relationship between the relevance of the information received and the acceptance of new technologies, we analyzed the acceptance level of the bioprinted cartilage graft among participants who had higher self-perceived knowledge (20/86) and had received the information from specialized 3D companies (Table 5 ).
Regarding the perception or ease of acceptance of the bioprinted cartilage graft, there was a significant difference between participants who were informed by specialized companies and those who were not (P=.02). The more information the participants had, the higher was the level of acceptance. Of those who had not received any specific information, no significant conclusion could be deducted (P=.08).
Relation to Demographic Data
To define if the process of decision-making by orthopedic surgeons could be linked to their demographic data, three variables were analyzed: age, years of experience, and place of experience (Table 6 ).
Considering self-perceived knowledge, the only difference identified was in the age of the participants. Participants aged over 50 years (38/86) considered themselves to be significantly more informed on new technologies than those of other age groups (P=.05). No differences were observed regarding the place and years of experience. 
Analysis of the Qualities of the Archetypal Bioprinted Cartilage Graft
The second goal of this study was to identify the qualities of the ideal cartilage graft for application by the orthopedic surgeons in relation to patient characteristics, type of lesion, and perceived difficulties of their use.
Factors Determining the Ideal Graft
The essential characteristics of the bioprinted graft that were analyzed to identify the suitable age of the patient for the implantation, ideal size of the lesion, and duration of the graft. Participants were also asked to choose the most relevant of five suggested qualities (Table 7) .
Regarding the age of the patient, 50% of the participants would not implant the graft on patients aged over 70 years, whereas 42% of them did not consider age to be a delimitating factor. Most of them (62%) considered the ideal size of the injury to be between 1 and 2 cm for implantation of a bioprinted cartilage graft. However, 27 (31%) of participants would consider such grafts for lesions over 3 cm. Almost all participants would reject a graft that lasted less than a year. Moreover, 51 of them (59%) said they would not recommend the graft to the patient unless it lasted more than 5 years.
Of the suggested qualities, the two most often selected (78%) were duration of the graft and patient safety (no side effects to general health). One less-often selected quality was ease of implantation, only considered by 50% of the participants.
Perceived Difficulties
The link between the perception in relation to the difficulties and the type of hospital was examined to determine if perceived difficulties were related to surgeons' place of work or whether it was the individual perception of the orthopedic surgeon (Table  8) . Table 8 shows the number of answers depending on the type of hospital and the percentage that each subpopulation represents in relation to the type of hospital.
The main difficulties considered by orthopedics in low-complexity hospitals were outcome uncertainty (ie, lack of clinical trials that prove successful outcomes) and authorization issues by the hospital management. In medium-complexity hospitals, surgeons shared these worries, although to a lesser extent. In high-complexity hospitals, however, the main issue was patient safety, followed by outcome uncertainty. 
Surgeons, n (%) Factor
To what extent do you consider the patient's age to be a limitation in the use of bioprinted cartilage? 
Relevant Variables To Use
Once the qualities of the graft were defined, their consequences on the patient's life were highlighted, from pain reduction to improvement in the quality of life (everyday life satisfaction). Participants were also asked about the need for clinical trials. These data were crossed with the source of information, via any medium or specialized companies, and with the age of the surgeon, as it was previously observed that it was the only relevant demographic variable (Table 9 ) [23] . No significant differences were observed in terms of the importance of pain reduction, which was considered by all participants as a necessary requisite. Surgeons who had received information via any medium were more pessimistic regarding the positive effects or positive impact the bioprinted cartilage graft could have on the patients' quality of life (P=.03). Surgeons who had received information via specialized companies were more optimistic than the rest (P=.03). Most of the participants highlighted the need for clinical trials, irrespective of the source of information. When the need for clinical trials and the age of the surgeons were crossed, it was clear (P=.007) that the age group >50 years in surgeons considered scientific evidence through clinical trials to be most necessary.
Discussion
Recent Research
There are a few studies published on the perspective of orthopedic surgeons on the bioprinting cartilage, since it is not yet on the market, but there is research on 3D printed medical implants [27] . This study presents an overview of the characteristics that implants should have as well as surgeons' knowledge of the decision-making process and their expectations and requirements, a thorough understanding of which is necessary to facilitate implementation of the new technology. This technological adoption requires a proactive role, both from the point of view of orthopedic surgeons and health policies, since it will represent a change in the decision-making process of surgeons and the coverage of health benefits [28] .
Recent studies represent a significant advance in the clinical translation of human cartilage and the appropriate surgical procedure. The focus of the research is on the biofabrication of biomaterials that maintain the biocompatibility and biodegradability of the original cartilage while increasing the efficiency of cell growth [29] . Mohanraj et al [30] suggested that the presence of an inflammatory environment is more likely to jeopardize the in vivo success of repairers of cartilage derived from mesenchymal stem cells. Using these cells, Yamasaki et al [31] examined the regeneration of articular cartilage and subchondral bone in artificial corpses.
Although researchers are moving forward in all fields of cartilage bioprinting, we have not been able to find working groups publishing the issues of implementation, and therefore, knowledge of orthopedic surgeons on this topic is scarce.
In our previous research [24] , which identified the barriers and facilitators for the bioprinted cartilage use and this new approach, we validated the conclusion that orthopedic surgeons should receive information of higher quality from reliable sources, thus enabling the implementation of the bioprinted cartilage, and that researchers should consider what surgeons believe the cartilage graft should be like.
Implications and Explanation of the Findings
The results of this study show that the information received impacts the decision-making process of orthopedic surgeons in a complex and diverse way, as it depends on several variables: the type and origin of the information and its relevance to their demographic data. Previous research [24] found that the amount and quality of the information received was one of the main barriers for the implementation of new technologies. The sample analyzed here shows that orthopedic surgeons lack the specific knowledge of 3D printing as applied to cartilage (Table 4) , where 50% of the survey participants who admit to being informed in an unspecific way have almost zero knowledge about it. In contrast, the 20 participants who had been informed by specialized companies considered themselves both better informed and more accepting of new technologies.
Therefore, it could be argued that specialized companies should work closely with orthopedic surgeons to help them acquire more specialized knowledge [32] , as shown in Table 3 . Another interesting fact is that specifically informed surgeons are more optimistic about the benefits and positive impact of the bioprinted cartilage graft on the quality of life of patients. The origin of the information impacts the level of acceptance and expectations of new technologies, both of which are required for ensuring a wider and easier implementation [33] and are key factors in finding a possible solution to osteoarthritis and improving the life of patients ( Table 9 ). The only variable that is significantly linked to the level of up-to-date knowledge among surgeons is their age: Surgeons aged over 50 years considered themselves better informed. Quite often, the extrapolation of clinical studies to the real world is obstructed by the lack of knowledge of a key factor-the people who will have to implement it.
The second set of goals was to analyze the factors that would provide the ideal context and qualities of an archetypal bioprinted cartilage graft as well as factors perceived as difficulties. The characteristics listed on the survey were size of the lesion, duration of the graft, and age of the patient (Table  7) , although more characteristics could possibly have been added. The ideal lesion size preferred by most surgeons was between 1 and 2 cm. A long durability was the most required quality in a graft, which was at least 5 years by 59% of the participants. It could be assumed that if the intervention were proven to be simple and noninvasive, this requisite would not be as important. Since this information is not available, orthopedic surgeons expect a long duration for grafts, predicting possible future reinterventions. The age of the patient presents some debate, as 50% believe that age over 70 years in patients is a limitation, whereas 42% do not consider age a factor. This could be explained by the increased life expectancy of over 70 years in the population. Further research could determine if this difference is a consequence of uncertainty or if it could change with time and experience (Table 7) . Surprisingly, 43 of the 86 surgeons believed that the ease of implantation of the graft was not a decisive factor for its use.
For the perceived difficulties in the use of the bioprinted cartilage graft (Table 8) , six options were provided, two of which-outcome uncertainty and patient safety-were emphasized by surgeons. Logically, surgeons need positive results from clinical trials in patients before using this technique.
As the other answer suggested, issues regarding the implantation and manipulation of the graft were less important, and although they were mentioned in some cases (as the technique is not known yet), they were rated well below the other issues. It is important to highlight this difficulty from the surgeons' viewpoint: They try to offer solutions to the perceived difficulties but are not able to visualize the graft. Orthopedic surgeons are constantly learning and using new surgical techniques, and they are used to the learning curve. Therefore, as long as there is clinical evidence of the effectiveness of a technique, surgical difficulties are not a deterrent, because surgeons believe they will learn the technique in time.
It was expected that other difficulties linked to practical aspects, such as the hospital management's authorization to use the technique and the wait time for the graft, would be linked to the type of hospital. Therefore, in medium-complexity hospitals, authorization is less problematic than either of the two abovementioned aspects: There is not as much bureaucracy involved in medium-complexity hospitals as in a high-complexity hospital, and new technologies are more easily accepted than they are in smaller hospitals. Finally, the need for clinical trials is one of the main difficulties for implementation of the technique (Table 9) , as almost all survey participants required clinical evidence (the average, in every case, was higher than 8 on a scale of 0-10). A significant finding was that surgeons who asked for more evidence were aged over 50 years, probably ranked higher in the hospital structure, and had both greater responsibility and more decision-making power.
Strengths and Limitations
The present study should be interpreted in the context of its limitations. The initial proposal planned to cover the entirety of the Spanish territory, through the Spanish Society of Orthopedic and Traumatology Surgery and the Spanish Society of the Knee, and English-speaking specialists through the International Cartilage Research Society, but it was not possible to receive authorization from these societies to send the survey. Our coverage of only a small population is a big limitation, as is the low response rate. In addition, there could be a bias, since the participants who answered the survey were probably more interested in the application of new technologies. Finally, the Chi-squared test might provide inexact results when the values input are small.
Conclusions, Recommendations, and Future Directions
The process of decision-making is based on precise information of quality, provided by companies specializing in the medical application of 3D printing. This variable seems essential to the acceptance of new technologies. The ideal graft, as described by surgeons, could provide important insight to researchers, at least in the initial stages of development, to satisfy the expectations of surgeons. Implementation research should focus on two variables: ensuring communication flows from researchers to surgeons and ensuring that the opinions of orthopedic surgeons regarding the qualities and issues of the grafts reach researchers, which would help them implement the bioprinted cartilage graft with success.
